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(English Translation of Japanese Patent Application Laid-open 
No. 57-77342) 

Method of uniformly spreading a filaments bundle 
WHAT IS CLAIMED IS: 

1. Method of uniformly spreading a filaments bundle in which 
a filaments bundle is spread into a single layer of aligned 
filaments under a certain tension wherein said filaments bundle 
is uniformly spread by subjecting said filaments bundle carried 
forward to be wound up to dispersion flows of a fluid flowing 
crosswise with regard to the moving course of said bundle. 

2. Method of uniformly spreading a filaments bundle according 
to claim 1 wherein said fluid is an air flow. 

3. Method of uniformly spreading a filaments bundle according 
to claim 1 wherein said fluid is one selected from a plating 
liquid and an acid liquid and so forth. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention relates to a method of uniformly spreading 
a filaments bundle, more specifically^ pertaining to a method 
of uniformly spreading a filaments bundle into a single layer 
of aligned filaments in order to obtain a pre-impregnation sheet 
for producing a filaments reinforced complex material. 

Conventionally^ such methods are used for uniformly 
spreading a filaments bundle as making use of electric charges 
and an air flow. In the former case, the respective filaments 
being provided with electrostatic charge with the same polarity 
enables the bundle to be spread by the action of detraction force 
between them. However, in addition to that it is hard to make 
the respective filaments uniformly provided with such charge, 
the electric charge carried on the respective filaments 
especially of such conductive filaments as carbon filaments 
escape with connection to earth such as a roller and so forth. 
In the latter case where a filaments bundle is discharged from 
a nozzle along with air, it is appropriate for non-woven fabrics 
whose filaments are piled up with a certain thickness and 
intermingled with each other. However, a filaments reinforced 
complex material is characteristic of directly receiving 
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tension on the respective filaments so that it is required to 
align the respective filaments into a direction to which such 
tension is applied. Further, it is desirable to uniformly 
distribute the filaments in a matrix material, for which purpose 
the bundle is spread into a single layer of aligned filaments 
with which layer the matrix material is impregnated so as to 
be formed into a thin pre-impregnation sheet in the order of 
lOOy in thickness/ which sheet and the same sheets in number 
as required are overlapped one over another. The conventional 
method whereby the bundle is spread by air as mentioned above 
is inappropriate for such purpose. 

The invention relates to a novel method of spreading a 
filaments bundle appropriate for such purpose as mentioned 
above. It is required to spread the bundle under a certain 
tension applied to the respective filaments bundles in order 
to align the respective filaments into a direction to which such 
tension is applied. In practice, a component of force of the 
tensile force acts upon the fringe side monofilaments disposed 
in both ends of the spread bundle so as to gradually attract 
such fringe side monofilaments towards the central portion of 
the bundle, which results in the separated filaments being 
brought into convergence . 

The invention is characterized in subjecting the filaments 
bundle to a fluid flowing crosswise with regard to the moving 
course of the bundle in order to solve the above prior issue - 
An apparatus used for the invention is described below. in the 
first place with reference to the accompanying drawings. 

The apparatus according to the invention comprises a 
wind-up roller 3 to wind up a carbon filaments bundle 2 
comprising 13,000 to 15,000 carbon filaments 1; a spreading 
device 4 to uniformly spread the bundle 2 wound up around the 
wind-up roller 3 and a take-up roller 5 to take up the bundle 
2 as uniformly spread with tension applied to the respective 
filaments thereof , 

The spreading device - 4 is, as shown in Figure 2, 
symmetrically disposed in an upper portion and a lower portion 
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in the middle of the wind--up roller 3 and the take-up roller 
5, which device comprises a supply pipe 6 to supply compressed 
air; a reserve tank 8' to reserve compressed air inside and to 
incorporate a valve 7 of an arbitrary shape to adjust compressed 
air pressure and a nozzle 9 to uniformly and widely spread the 
bundle" 2* The shape of the nozzle 9 may be rectangular, oval, 
arcuate, crescent or circular and be selected in accordance with 
the dimension or width by which the respective filaments are 
spread and the like. Another apparatus is shown in Figure 3, 
which apparatus comprising a spreading device 4; a rectangular 
plate 10 to receive compressed air discharged from the spreading 
device 4; a wind-up roller 3 and a take-up roller 5, which plate 
is disposed between the wind-up roller and the take-up roller 
and in an opposite side to the spreading device 4 sandwiching 
the bundle 2 with the device 4, 

Figures 4 and 5 show apparatuses for spreading the bundle 
by the action of a fluid instead of the compressed air. Figure 
4 shows an electroplating device comprising a reserve tank 12 
in which an electrolyte 11 is stored; a vibration device 13 
mounted to the tank 12 to uniformly spread the bundle and to 
stir the electrolyte; a guide roller 14 to introduce the bundle 
2 from the wind-up roller into the reserve tank 12; a guide roller 
15 to introduce uniformly and widely spread filaments bundle 
1 into the take-up roller 5; and a metallic positive electrode 
16, direct current power sources 17 and 18 and electrically 
charged driving rollers 19 and 20 for performing electroplating 
operation - 

The direct current power source 17 is connected to the 
electrode 16 and the roller 19 while the direct current power 
source 18 is connected to the electrode 16 and the roller 20. 
The electrode 16 is formed of nickel, copper and so forth, which 
may be selected in accordance with the electroplating type in 
need. The vibration device 13 may be selected from propeller 
stirring, pump circulation, convection flow, ultrasonic waves, 
air bubbles generation by compressed air and others in an 
arbitrary manner. 
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Figure 5 shows a boron filaments bundle spreading device 
30, which device comprises a reserve tank 23 in which dilute 
nitric acid 22 is stored for the purpose of dissolving and 
removing fine flaws on the surface of the respective boron 
filaments 21 so as to improve the fibrous strength; a vibration 
device 25 mounted to the tank 23 to uniformly and widely spread 
the boron filaments bundle 24 introduced into the tank and to 
stir the nitric acid 22; guide rollers 26 and 27 to introduce 
the bundle 24 from the wind-up roller 3 into the tank 23; and 
guide rollers 28 and 29 to introduce the boron filaments bundle 
2i as uniformly and widely spread by the action of vibration 
inside the tank into the take-up roller 5. 

The preferred embodiments of the invention are described 
as follows . 
FIRST EMBODIMENT 

In the first place, a carbon filaments bundle 2 comprising 
a number of carbon filaments 1 is wound up around a wind-up roller 
3 in an appropriate manner. Theh, one end of the bundle 2 is 
hung over the take-up roller 5 under a certain tension. Upon 
driving the take-up roller 5 by means of a driving means not 
shown in the drawings, the roller takes up the bundle 2 with 
an appropriate take-up speed in the meantime upon supplying 
compressed air from the supply pipe 6 into the spreading device 
4, the compressed air is adjusted within a pressure appropriate 
for the bundle 2 being uniformly and widely spread by means of 
an air compression adjustment valve 7 and so forth incorporated 
in the tank so as to be discharged from the nozzle 9. The upper 
and lower spreading devices 4 are symmetrically disposed with 
the intervention of the bundle 2 so that the compressed air 
discharged from the respective nozzles 9 collide with each other 
along the moving course of the bundle 2 so as to generate air 
flowing widthwise with regard to the moving course of the bundle 
2, by the action of which air flowing crosswise with regard to 
the moving course of the bundle spreading operation is performed 
on the bundle in a continuous manner, as shown in Figure 2. The 
take-up roller 5 continuously takes up the bundle 2 with an 
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appropriate take-up speed so that the respective carbon 
filaments bundles 1 as uniformly and widely spread by the action 
of air continue to be taken up around the take-up roller 5 in 
the meantime the bundle 2 continues to be uniformly and widely 
spread. 

SECOND EMBODIMENT 

One end of the bundle 2 wound up around the wind-up roller 
3 is hung over the take-up roller 5 under a certain tension. 
Then, the take-up roller 5 is rotated with a certain take-up 
speed while the compressed air is supplied to the spreading- 
device 4 so that the air flow discharged from the nozzle 9 collide 
with the plate 10 so as to generate the air flowing crosswise 
with regard to the moving course of the bundle, by the action 
of which air the bundle 2 continues to be uniformly and widely 
spread and the respective carbon filaments 1 as uniformly and 
widely spread continue to be taken up around the take-up roller 
5. 

THIRD WMBODIMENT 

One end of the bundle 2 wound up around the wind-up roller 
3 is introduced into the reserve tank 12 through the guide roller 
14 and the driving roller 19 and is hung over the take-up roller 
5 through the driving roller 20 and the guide roller 15. Then, 
the take-up roller is rotated .while the direct current power 
sources 17 and 18 are connected to the nickel positive electrode 
16 so as to operate the vibration device 13 and to generate the 
air flowing crosswise with regard to the moving course .of the 
bundle, by the action of which air the bundle 2 is uniformly 
and widely spread while the respective carbon filaments 1 are 
nickel plated by means of the electroplating device 21. The 
respective carbon filaments as uniformly and widely spread 
continue to be taken up around the take-up roller with each of 
them uniformly nickel-plated. The wettablity with the nickel 
matrix of the respective filaments as uniformly spread is 
remarkably improved. 
FOURTH EMBODIMENT 

One end of the boron filaments bundle 2 wound up around 
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the wind-up roller 3 is introduced into the reserve tank 23 
through the guide rollers 2 6 and 27 and is hung over the take-up 
roller 5 through the guide rollers 28 and 29. Then, the take-up 
roller 5 is rotated while the vibration device 25 is operated 
so as to generate the air flowing crosswise with regard to the 
moving course of the bundle, upon which air colliding crosswise 
with regard to the boron filaments bundle 24, the bundle is 
uniformly and widely spread while the fine flaws on the surface 
of the respective boron filaments 21 are dissolved by the nitric 
acid 22 so as to improve the fibrous strength. The respective 
boron filaments 21 as uniformly and widely spread and 
intensified with strength continue to be taken up around the 
take-up roller 5. 

According to the method of uniformly spreading a filaments 
bundle as stated above, even a filaiaents bundle comprising a 
number of filaments is uniformly and widely spread in a short 
time without fail through the simplified production process so 
that spread filaments bundles are mass-produced with the large 
reduction of the production cost. Especially, the carbon 
filaments prone to be entangled with each other owing to fine 
fluffs on the surface are uniformly spread with facility by the 
action of the air flowing crosswise with regard to the moving 
course of the carbon filaments bundle so as to prevent the 
respective filaments from being entangled with each other. Some 
kinds of metallic elements in fused condition are hard to be 
attached onto. the respective carbon filaments, which problem 
is solved by use of the electroplating device according to the 
invention wherein the respective carbon filaments are 
metal-plated during the filaments bundle being uniformly and 
widely spread. As for the boron filaments on the surface of which 
fine flaws exist inviting the deterioration of the fibrous 
strength, such flaws are dissolved by the dilute nitric acid 
during the respective boron filaments bundles being widely 
spread. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic side view of an apparatus used for 
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to show the filaments bundle spread by the apparatus as shown 
in Figure 1; Figure 3 is a schematic side view of an apparatus 
used for the second embodiment; Figure 4 is a schematic side 
view of an apparatus used for the third enJDodiment hereof; 
Figure 5 is a schematic side view of an apparatus used for the 
fourth embodiment hereof. 
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